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vhs protein is the product of the UL41 open reading frame of herpes simplex virus 1. The protein, made late in infection,
is packaged into virions and, in newly infected cells, shuts off host protein synthesis by degrading mRNA. g134.5 gene
encodes a protein which precludes total shutoff of protein synthesis after the onset of viral DNA synthesis in infected cells
of human derivation. The experiments reported here were designed to test the hypothesis that in cells infected with g134.50
mutant the total shutoff of protein synthesis reflects the failure to alter the function of vhs made late in infection. Hence,
double mutants, vhs0 and g134.50 should not cause total shutoff of protein synthesis. The mutants constructed to test the
hypothesis were (i) viruses lacking 1 kbp from the coding domain of g134.5 and carrying lacZ inserted into the coding
domain of UL41, (ii) viruses with deletions in g134.5 genes, (iii) viruses with lacZ inserted into UL41, and (iv) viruses in which
the sequences of the deleted or interrupted genes were restored. We report that viruses with wild-type UL41 gene shut off
the synthesis of actin, whereas viruses with interrupted genes made amounts of actin comparable to those of mock-infected
cells. However, late in infection, protein synthesis in human neuroblastoma cells infected with the g134.50 mutants was
shut off irrespective of the status of the UL41 gene. Conversely, the phenotype of UL410 viruses with wild-type g134.5 gene
could not be differentiated from those of wild-type virus in the same assays. These studies indicate that the functions of
the UL41 and g134.5 genes and their products are independent of each other. q 1997 Academic Press
INTRODUCTION of infected cells. One puzzling and unresolved issue is
why vhs made late in infection does not shut off the
A characteristic of cells infected with herpes simplex
synthesis of proteins in cells in which it is made, although
viruses 1 and 2 (HSV-1 and HSV-2) is total shutoff of host
Lam et al. (1996) proposed that this function is blocked
macromolecular synthesis (Roizman et al., 1965; Sydiskis by VP16.
and Roizman, 1966, 1967; Nishioka and Silverstein, 1977, Last, this laboratory reported that mutants deleted in
1978; Fenwick and Walker, 1978; Silverstein and Engel- both copies of the g134.5 open reading frame exhibit ahardt, 1979). Several events contribute to this shutoff. premature, total shutoff of protein synthesis particularly
First, the UL41 gene of HSV encodes a protein designated in cells of human derivation. The shutoff of protein syn-
virion host shutoff (vhs) and which causes the shutoff thesis requires the onset of viral DNA synthesis (Chou
of protein synthesis through nonspecific degradation of and Roizman, 1992). It is evident as early as 5 hr after
mRNA in infected cells (Read and Frenkel, 1983; Schek infection and reaches completion by 13 hr after infection
and Bachenheimer, 1985; Kwong and Frenkel, 1987; (Chou et al., 1994). Recent studies have shown that this
Strom and Frenkel, 1987; Kwong et al., 1988; Oroskar shutoff is related to phosphorylation of the a subunit of
and Read, 1989; Sorenson et al., 1991; Becker et al., 1993; the translation initiation factor eIF-2 (Chou et al., 1995).
Zelus et al., 1996). vhs is made late in infection and is Specifically, in both wild-type and g134.5
0 virus-infected
packaged in the tegument of the virion (Smibert et al., cells, the RNA-dependent protein kinase (PKR) is acti-
1992; Read et al., 1993). The function of vhs packaged vated, but only in g134.5
0 virus-infected cells is eIF-2a
in the virion is to reduce the synthesis of cellular proteins phosphorylated and hence unable to sustain protein syn-
and to enable a more efficient sequential expression of thesis. g134.5 protein is made in small amounts and stud-
viral genes. ies published elsewhere (Chou et al., 1994) suggest that
Obliteration of the function of UL41 open reading frame the amounts required to preclude the shutoff of protein
does not preclude the shutoff of protein synthesis late synthesis are very small. The mechanism by which
in infection. This shutoff occurs after the bulk of the virus g134.5 protein blocks the phosphorylation of eIF-2a is
particles have been assembled and probably reflects presently under investigation but not yet known.
degradation of the architecture and synthetic machinery The studies described in this report were initiated to
test the hypothesis that in human cells the shutoff of
protein synthesis is mediated by vhs and that the function1 To whom correspondence and reprint requests should be ad-
dressed. Fax: (312) 702-1631. of g134.5 is merely to block the function of vhs made late
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TABLE 1
Genotype of Viruses Used in This Study
Virus Genotype Derivation
HSV-1(F) Wild type
R3616 g134.50 Deletion of 1 kbp from both copies of g134.5 gene in BamHI S fragment
R2621 UL41iS Insertion of lacZ gene into UL41 open reading frame of HSV-1 (F) in frame with UL41
R2626 UL41iS(R) Repair of UL41 gene of R2621
R2622 g134.50, UL41iS Insertion of lacZ gene into UL41 open reading frame of R3616 in frame with UL41
R2627 g134.50, UL41iS(R) Repair of UL41 gene of R2622
R2628 g134.50(R), UL41iS Repair of g134.5 genes of R2622
R2623 g134.50, UL41iR Insertion of lacZ gene into UL41 open reading frame of R3616 antisense to UL41
R2624 g134.50(R), UL41iR Repair of the g134.5 genes of R2623
in infection, after the onset of viral DNA synthesis. This HindIII–SalI fragment from pRB2620 containing the wild-
type UL41 sequence was subsequently subcloned intohypothesis predicts that shutoff of protein synthesis
would not occur in cells infected with a mutant lacking pGEM3Z as pRB2626 and was used to repair the UL41
both g134.5 and UL41 genes. Although it has been re- genes in recombinant viruses R2621 and R2622 described
cently reported that UL41 protein binds to VP16 and that
the latter blocks the late shutoff of protein synthesis by
the UL41 protein (Lam et al., 1996), the report does not
obviate the hypothesis that g134.5 protein is a component
of this reaction. To test this hypothesis we constructed
and tested a series of mutants lacking one or both genes.
Our studies do not sustain this hypothesis.
MATERIALS AND METHODS
Cells and viruses. Vero and human neuroblastoma SK-
N-SH cell lines were obtained from the American Type
Culture Collection. Rabbit skin cells were originally ob-
tained from J. McClaren and maintained in this laboratory
for the past 16 years. All cell lines were propagated in
Dulbecco’s modified Eagle’s medium supplemented with
5% (Vero, rabbit skin cells) or 10% fetal bovine serum
(SK-N-SH). HSV-1(F) is a limited-passage, prototype HSV-
1 strain used in this laboratory (Ejercito et al., 1968).
R3616 has been described elsewhere (Chou et al., 1990).
It contains a 1-kbp deletion in the coding domains of both FIG. 1. Schematic representations of the DNA sequence arrange-
copies of the g134.5 gene. The genotype and derivation of ments of the HSV-1 genome and of the vhs mutants. Line 1, HSV-1(F)
DNA. The rectangles ab, b*a*, and a*c*, ca represent the inverted re-the viruses used in this study are described in Table 1.
peats flanking the unique long (UL) and unique short (US) sequences,Plasmids. The HSV-1(F) plasmid library was described
respectively. Location of the HindIII L fragment is indicated. Lines 2elsewhere (Post et al., 1980). The HindIII L fragment was
and 3, HindIII L fragment from plasmid pRB213 was digested with
cloned into vector pACYC177 as pRB213 (E. Tabares and restriction endonuclease EcoRI and the 6.6-kbp, EcoRI–HindIII frag-
B. Roizman, unpublished studies). The derivation of the ment (fragment 1) was cloned into pGEM3Z as pRB2620. Line 4, the
open reading frames within the 6.6-kbp fragment. Lines 5 and 6, a 3-fragments shown in Fig. 1 was as follows. The 6.6-kbp,
kbp DNA fragment which contains the E.coli lacZ gene encoding b-EcoRI–HindIII fragment (fragment 1, see Fig. 1) containing
galactosidase (b-gal) was purified from pRB2619 and inserted into theUL41 was cloned into pGEM3Z as pRB2620. DNA fragment unique BamHI site within UL41 in pRB2620. pRB2621 contains b-galcontaining the Escherichia coli lacZ gene encoding b- insertion in frame with UL41, and pRB2623 contains the reverse b-gal
galactosidase (b-gal) was cloned into pGEM3Z as sequence insertion. Lines 7 and 8, DNA structures of plasmids pRB2621
and pRB2623 and of resultant insertional vhs mutants. The lacZ genepRB2619. The lacZ fragment was cloned into the unique
contains an EcoRI cleavage site close to the 3* end and so two setsBamHI site within UL41 coding domain in pRB2620 as
of fragments, either 1.5- and 8.1-kbp fragments or 4.5- and 5.1-kbppRB2621 where the lacZ sequence was in frame with
fragments, present in the EcoRI–HindIII digests of mutants are ex-
UL41, and as pRB2623 in which the sequence encoding pected to hybridize with probe pRB2620; and in addition, the 8.1- and
b-gal was antisense to UL41. Both pRB2621 and pRB2623 4.5-kbp fragments are expected to hybridize with the lacZ probe. Abbre-
viations: B, BamHI; E, EcoRI; H, HindIII; S, SalI.plasmids were used for isolation of UL41
0 mutants. The
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below. Plasmid pRB143 carrying the BamHI S fragment donuclease digests of viral DNAs with appropriate DNA
probes as described under Results.(Mocarski and Roizman, 1982) provided wild-type g134.5
sequences for repair of viruses from which the g134.5 [
35S]Methionine labeling of infected-cell proteins. The
purpose of this series of experiments was to measuregene had been deleted.
Antibody. The rabbit polyclonal antibody for UL41 (Read the activity of UL41 gene product by measuring the accu-
mulation of actin synthesized during the first 3 hr afteret al., 1993) was a kind gift of G. S. Read. It was used at
a 1:500 dilution in immunoblots. infection. Replicate 25-cm2 cultures of Vero cells were
either mock infected or infected with 20 PFU of parent,Isolation of UL41 (vhs) mutants and repaired viruses.
In these studies the UL41 genes encoding the vhs protein mutant, or repaired virus per cell in presence of actino-
mycin D (10 mg/ml) and incubated at 377. At 3 hr afterof HSV-1(F) and R3616 were mutated by insertion of lacZ
DNA fragment encoding b-gal. Rabbit skin cells were exposure of cells to virus, cells were labeled for 1 hr
with [35S]methionine as previously described (Poon andcotransfected with intact viral DNA and purified DNA
from plasmids pRB2621 or from pRB2623. The cells were Roizman, 1993; Chou et al., 1994) and then harvested,
solubilized, electrophoretically separated in a 11% dena-grown at 377 and harvested when almost all cells exhib-
ited cytopathic effects. Viruses containing UL41 gene with turing polyacrylamide gel, electrically transferred to a ni-
trocellulose sheet, and subjected to autoradiography asin-frame lacZ insertion were isolated as follows. Serial
dilutions of the transfection cultures were plated on Vero previously described (Poon and Roizman, 1993, 1995).
Total radioactivity in the band containing actin was quan-cells. The culture medium was replaced with 3 ml of
medium containing 0.5% agarose and 300 mg of 5-bromo- tified by Betagen b analyzer, Beta-Scope 603.
Measurement of UL41 protein synthesis. Replicate 25-4-chloro-3-indolyl b-D-galactopyranoside (X-Gal) per mil-
liliter 2 days after infection and the cultures were incu- cm2 cultures of Vero cells were either mock infected or
infected with 10 PFU of virus per cell and maintained atbated for an additional 2 days. At that time blue plaques
were selected and purified and monitored throughout 377. Cells were harvested 18 hr after infection, solubi-
lized, and electrophoretically separated in a 11% denatur-successive purification steps for their abilities to produce
blue plaques in presence of X-Gal. To isolate UL41 mu- ing polyacrylamide gel, electrically transferred to a nitro-
cellulose membrane, and then reacted with 1:500 dilutiontants with lacZ inserted antisense to UL41 coding domain,
virus isolates forming small-sized plaques were col- of the rabbit polyclonal antiserum for UL41.
lected and screened and the DNA structures of mutants
were confirmed by hybridization of electrophoretically RESULTS
separated restriction endonuclease digests with appro-
Construction and verification of the structure of g134.5priate DNA probes as described under Results.
and vhs mutants. Table 1 lists the wild-type parent and
To isolate viruses in which the vhs mutation was re-
all of the mutant viruses tested in these studies. The
paired, rabbit skin cells were cotransfected with intact
procedures for the construction of the mutant viruses
mutant viral DNA and purified HindIII– SalI fragment from
made for these studies are described under Materials
pRB2626 containing wild-type UL41 sequence. The prog- and Methods. The studies designed to verify the struc-
eny of the transfection were screened for loss of lacZ
ture of the mutant viruses were as follows:
sequences. In case of mutants with lacZ inserted in frame
with UL41, repaired viruses were screened for white- (i) R2621, R2622 and R2623 contain the lacZ gene in-
serted as a 3-kbp BamHI restriction endonuclease frag-plaque phenotype in presence of X-Gal. For mutants with
lacZ inserted antisense to UL41, repaired viruses were ment into the BamHI site of UL41 gene. The site of inser-
tion of the lacZ gene would interrupt the coding domainscreened for large-plaque phenotype. In all instances the
repaired virus DNAs were analyzed to confirm the loss of at codon 343 and produce either a chimeric or a frame-
shift gene depending on whether lacZ is inserted in framethe lacZ insertion. To isolate viruses in which the g134.5
deletion had been repaired, intact mutant DNAs were or antisense to UL41, respectively. The BamHI site is
contained in a 6.6-kbp EcoRI–HindIII fragment (Fig. 1,cotransfected with BamHI S DNA fragment from pRB143
on rabbit skin cells. Since g134.5
0 mutants replicate lines 2 and 3). The lacZ sequence contains an EcoRI site
close to the 3* end of the gene. EcoRI–HindIII digestspoorly in neuroblastoma cell strain SK-N-SH, transfection
cultures were plated on SK-N-SH cells and viruses from of the vhs mutants would be expected to yield two sets
of fragments containing the 6.6-kbp EcoRI–HindIII se-plaques formed on SK-N-SH cells were plated on Vero
cells. Isolated plaques were tested for their abilities to quence, either 8.1- and 1.5-kbp fragments in case of lacZ
inserted in frame with UL41 as in R2621 and R2622 orgrow on both Vero and SK-N-SH cell strains. Viruses
capable of growth on both cell strains were purified and 4.5- and 5.1-kbp fragments in case of lacZ inserted anti-
sense to UL41 gene as in R2623 (Fig. 1, lines 7 and 8).checked throughout successive purification steps for
their abilities to grow on SK-N-SH cells. The DNA struc- This is in fact the case for the recombinant virus DNAs
probed with the 6.6-kbp EcoRI–HindIII fragment (Fig. 2A,tures of purified repaired viruses were confirmed by hy-
bridization of electrophoretically separated restriction en- lanes 9, 12, and 13). Note that in the particular experiment
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FIG. 2. Autoradiographic images of (A) EcoRI–HindIII-digested and (B) BamHI-digested DNAs of parent, mutant, and repaired viruses probed
with 32P-labeled 6.6-kbp fragment from pRB2620 and/or 32P-labeled lacZ fragment from pRB2619 (A and B, lanes 1 to 7) or 32P-labeled BamHI S
fragment from pRB143 (B, lanes 8 to 13). Viral DNA was purified from Vero cells infected with parent, mutant, or repaired virus and incubated at
377. The DNA was cleaved with the restriction endonuclease(s) as indicated, and DNA fragments were separated in 0.7% agarose gels, transferred
to Zeta-probe membranes, and probed with 32P-labeled DNA fragment as indicated. Bound probe was visualized by autoradiography. Mr , size in
kilobasepairs (kbp).
shown, the 1.5-kbp fragment of R2621, R2622 ran off the is that of the wild-type virus rather than that of the lacZ-
insertion mutants (Fig. 2A, lanes 10 and 14).gel but its existence was verified in other experiments
(data not shown). The sequences encoding b-gal would (iii) R2624 and R2628 contain repaired g134.5 genes.
be expected to be present in both the 8.1- and the 4.5-kbp As expected, the pattern of their BamHI digests (Fig. 2B,
fragments listed above. The presence of DNA sequences lanes 11 and 12) resembles that of the wild-type HSV-
encoding b-gal in these fragments was verified as shown 1(F) virus (Fig. 2B, lane 8) rather than that of the g134.5
0
in Fig. 2A, lanes 2, 5, and 6. In addition, BamHI digests mutants (Fig. 2B, lanes 9, 10, and 13).
probed with lacZ revealed the presence of the 3-kbp
Expression of UL41 protein in cells infected with wild-BamHI insert containing the sequences encoding b-gal
type and mutant viruses. Replicate 25-cm2 cultures of(Fig. 2B, lanes 2, 5, and 6).
Vero cells were either mock infected or infected with 10(ii) As could be predicted, the repaired viruses (R2626,
PFU of virus per cell and maintained at 377. Cells wereR2627) no longer carry the BamHI fragment encoding b-
harvested 18 hr after infection, solubilized, and electro-gal. This is apparent from the lack of hybridization with
phoretically separated in a 11% denaturing polyacryl-the lacZ probe (Fig. 2A, lanes 3 and 7; Fig. 2B, lanes 3
and 7.) In addition, the pattern of EcoRI–HindIII digests amide gel, electrically transferred to a nitrocellulose
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membrane, and then reacted with rabbit polyclonal anti-
body for UL41 as described under Materials and Meth-
ods. As shown in Fig. 3, lanes 2, 4, 7, and 9, the antibody
reacted with a protein with an apparent Mr of 58K corre-
sponding to UL41 protein in electrophoretically separated
lysates of cells infected with wild-type virus or recombi-
nant lacking the g134.5 gene only, or viruses in which
UL41 mutation had been repaired (R2626 or R2627). The
lysates of cells infected with R2623 or R2624 failed to
react with the antibody to UL41 (Fig. 3, lanes 5 and 6). In
contrast, the antibody to UL41 reacted with a slow migrat-
FIG. 4. Autoradiographic images and relative radioactivities of [35S]-ing protein with an apparent Mr of 160K in lysates of cells
methionine-labeled actin from lysates of Vero cells mock infected orinfected with viruses in which lacZ gene was inserted in
infected with parent, mutant, and repaired viruses. Replicate 25-cm2frame with UL41 coding domain. We conclude from this cultures of Vero cells were either mock infected or infected with 20
series of experiments that insertion of lacZ gene in the PFU of virus per cell in presence of actinomycin D (10 mg/ml) and
same polarity with UL41 resulted in the synthesis of a incubated at 377. At 3 hr after infection, cells were labeled for 1 hr with
[35S]methionine as described under Materials and Methods and thenchimeric protein which reacted with the polyclonal anti-
harvested, solubilized, electrophoretically separated in a 11% denatur-body for UL41 but which had a higher Mr than wild-type
ing polyacrylamide gel, transferred to a nitrocellulose membrane, andUL41 protein. Conversely, insertion of lacZ antisense to subjected to autoradiography. The radioactivities of the actin bands
UL41 open reading frame did not yield a protein which were quantified by Betagen b analyzer (Beta-Scope 603), and their
reacted with the anti-UL41 antiserum. percentages of those of the mock-infected cells are as shown.
The function of the vhs gene in cells infected with wild-
type and mutant viruses. The purpose of this series of
Materials and Methods and then harvested, solubilized,experiments was to determine whether insertional muta-
electrophoretically separated in a 11% denaturing poly-genesis of UL41 at codon 343 disrupts the host shutoff
acrylamide gel, transferred to a nitrocellulose membrane,function of the gene. Replicate 25-cm2 cultures of Vero
and subjected to autoradiography. The radioactivities ofcells were either mock infected or infected with 20 PFU
the actin bands were quantified by Betagen b analyzer.of virus per cell in presence of actinomycin D (10 mg/ml)
The counts were normalized to the radioactivity of actinand incubated at 377. At 3 hr after infection cells were
in lysates of mock-infected cells. The results (Fig. 4) werelabeled for 1 hr with [35S]methionine as described under
as follows:
(i) Actin synthesis in cells infected with wild-type virus
[HSV-1(F)] or mutant R3616 containing wild-type UL41
gene was reduced to 21 and 28%, respectively, of that
of mock-infected cells as measured by incorporation of
[35S]methionine after infection.
(ii) The synthesis of actin after infection with UL41
0
viruses (R2621, R2622, R2623, R2624, and R2628) ranged
from 82 to 108% of that of mock-infected cells.
(iii) Repair of the insertional mutagenesis of the UL41
gene was done on two viruses, R2621 and R2622 to yield
R2626 and R2627, respectively (see Table 1). In both
instances the viruses regained the capacity to shut off
protein synthesis. Actin synthesis was reduced to 45%
(R2626) and 15% (R2627) of that of mock-infected cells.
We conclude that insertional mutagenesis into the
BamHI site located at codon 343 of the UL41 gene, irre-
spective of polarity of lacZ, effectively reduced the effectFIG. 3. Photographic image of an immunoblot of electrophoretically
of the UL41 protein in shutting off host protein synthesis.separated proteins from Vero cells mock infected or infected with the
parent, mutant, and repaired viruses. Replicate 25-cm2 cultures of Vero Shutoff of protein synthesis in cells infected with wild-
cells were either mock infected or infected with 10 PFU of virus per type and mutant viruses. The purpose of this series of
cell and maintained at 377. Cells were harvested at 18 hr after infection, experiments was to compare the overall protein synthe-
solubilized, and electrophoretically separated in a 11% denaturing poly-
sis in cells infected with wild-type, UL41
0, g134.5
0, andacrylamide gel, electrically transferred to a nitrocellulose membrane,
both g134.5
0 and UL41
0 viruses in SK-N-SH cells. Earlierand then reacted with 1:500 dilution of a rabbit polyclonal antibody for
UL41. Mr , molecular weight 11000. studies from this laboratory have shown that g134.50 vi-
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ruses exhibit premature shutoff of protein synthesis in
human cells. The expectations were straightforward. If
vhs, the product of UL41 gene, is responsible for the pre-
mature shutoff of protein synthesis and the function of
g134.5 protein is to neutralize this effect by some func-
tions as yet undefined (e.g., posttranslational modification
of vhs), then it could be expected that mutants with the
genotype UL41
0, g134.5
0 would not exhibit the g134.5
0
phenotype in SK-N-SH cells. Conversely, if the two gene
products act independently, then the g134.5
0 mutants
would exhibit premature shutoff of protein synthesis irre-
spective of the UL41 genotype. The experimental design
was similar to that described previously (Chou et al.,
1994). Specifically, replicate 25-cm2 cultures of SK-N-SH
cells were either mock infected or infected with 10 PFU
of virus per cell and maintained at 377. At 12 hr after
infection the cells were labeled for 1 hr with [35S]-
methionine as described under Materials and Methods
and then harvested, solubilized, electrophoretically sepa-
rated in 11% denaturing polyacrylamide gels, transferred
to nitrocellulose sheets, and subjected to autoradio-
graphy.
The results shown in Fig. 5 support the latter predic-
tion. Specifically:
(i) All g134.5
0 mutants irrespective of the UL41 geno-
type (lanes 5, 7, 8, and 9) exhibit premature shutoff of
protein synthesis. The mutants in this group include
wild-type vhs (R3616, lane 7) and repaired vhs (R2627,
lane 9). FIG. 5. Autoradiographic images of electrophoretically separated
[35S]methionine-labeled proteins from lysates of SK-N-SH cells mock(ii) All viruses with either wild-type [e.g., HSV-1(F), lane
infected or infected with parent, mutant, and repaired viruses. Replicate2] or repaired g134.5 gene (R2624, lane 6; R2628, lane
25-cm2 cell cultures were either mock infected or infected with 10 PFU
10) exhibited wild-type protein synthesis, only slightly of virus per cell and maintained at 377. At 12 hr after infection, cells
affected by the genotype of UL41. Thus in lanes 3, 6, and were labeled for 1 hr with [35S]methionine as described under Materials
10 (R2621, R2624, and R2628) numerous protein bands and Methods and then harvested, solubilized, electrophoretically sepa-
rated in a 11% denaturing polyacrylamide gel, transferred to a nitrocellu-interspersed among bands characteristic of late protein
lose sheet, and subjected to autoradiography. ICP, infected cell protein;synthesis in infected cells reflect continued host or early
A, actin.
viral protein synthesis.
We conclude from these studies that, in human cells,
spliced mRNA (Sacks et al., 1985; Sandri-Goldin andthe shutoff of protein synthesis resulting from the ab-
Mendoza, 1992; Phelan et al., 1993; Hardwicke and San-sence of functional g134.5 protein is independent of the
dri-Goldin, 1994; Hardy and Sandri-Goldin, 1994; Sandri-presence/absence of functional UL41 gene product.
Goldin et al., 1995; Phelan et al., 1996). In addition, the
synthesis of viral proteins is regulated in a cascade fash-DISCUSSION
ion. Although the basic element which drives this cas-
cade is the transcription of viral genes, studies con-With few exceptions, viruses exercise significant con-
trol of protein synthesis in infected cells. HSV exercises ducted some years ago have shown that an important
element of the cascade is the UL41 protein which ap-this control in several ways. Specifically: (i) a protein
product of the UL41 gene introduced into the cells with pears to synchronize and accelerate the transition from
at least a to later (b and g) protein synthesis (Kwonginfecting virus shuts off host protein synthesis through
nonspecific degradation of mRNA (Read and Frenkel, and Frenkel, 1987; Fenwick and Owen, 1988; Kwong et
al., 1988; Oroskar and Read, 1987, 1989). (iii) ORF-P, a1983; Kwong and Frenkel, 1987; Strom and Frenkel, 1987;
Kwong et al., 1988; Sorenson et al., 1991; Zelus et al., gene suppressed during productive infection, has been
shown to negatively affect the synthesis of a proteins1996). (ii) An a protein, ICP27, through its control of RNA
splicing events further limits the synthesis of cellular and ICP22 and ICP0 derived from spliced mRNA (Lagunoff
and Roizman, 1994; Bruni and Roizman, 1996). Last, (iv)the few viral proteins whose synthesis is directed by
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(CA47451) and the National Institute for Allergy and Infectious Diseasesall protein synthesis ceases late in infection, an event
(AI124009), the United States Public Health Service.linked to physical deterioration of the infected cells rather
than to a specific gene product. The discovery several
years ago that protein synthesis was shut off prematurely REFERENCES
in human cells infected with g134.5
0 viruses suggested
two possibilities; that is, g134.5 protein either precludes Becker, Y., Tavor, E., Asher Y., Berkowitz, C., and Moyal, M. (1993).
Effect of herpes simplex virus type-1 UL41 gene on the stability ofa host response to infection or blocks a viral function
mRNA from the cellular genes: b-actin, fibronectin, glucose trans-capable of turning off all protein synthesis in the infected
porter-1, and docking protein, and on virus intraperitoneal pathoge-
cells. Although for various reasons the first possibility nicity to newborn mice. Virus Genes 7, 133–143.
seemed more attractive, the available evidence did not Bruni, R., and Roizman, B. (1996). Open reading frame P—A herpes
simplex virus gene repressed during productive infection encodesexclude the possibility that the shutoff was due to the
a protein that binds a splicing factor and reduces synthesis of viralaccumulation of a functional product of the UL41 gene
proteins made from spliced mRNA. Proc. Natl. Acad. Sci. USA 93,late in infection. In fact, given the observation that small
10423–10427.
amounts of UL41 protein are sufficient to turn off protein Chou, J., Chen, J., Gross, M., and Roizman, B. (1995). Association of a
synthesis in infected cells, the continued synthesis of Mr 90,000 phosphoprotein with protein kinase PKR in cells exhibiting
enhanced phosphorylation of translation initiation factor eIF-2a andproteins, in the face of accumulation of UL41 protein late
premature shutoff of protein synthesis after infection with g134.50in infection, is perplexing and suggests that UL41 protein
mutants of herpes simplex virus 1. Proc. Natl. Acad. Sci. USA 92,introduced into cells on infection differs from that made
10516–10520.
in infected cells as a consequence of posttranslational Chou, J., Kern, E. R., Whitley, R. J., and Roizman, B. (1990). Mapping of
processing. One hypothesis which could not be excluded herpes simplex virus-1 neurovirulence to g134.5, a gene nonessential
for growth in culture. Science 250, 1262–1266.is that UL41 protein is modified by g134.5 protein and
Chou, J., Poon, A. P. W., Johnson, J., and Roizman, B. (1994). Differentialthat in its absence accumulation of UL41 protein is detri-
response of human cells to deletions and stop codons in the g134.5mental to the infected cell. Several lines of evidence
gene of herpes simplex virus. J. Virol. 68, 8304–8311.
argue against this possibility. These are as follows: Chou, J., and Roizman, B. (1992). The g134.5 gene of herpes simplex
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